AGRICULTURAL control chem{cals of h{gh tox{c{ty are being appl{ed in greater quantity every year. New chemicals are being developed and frequently appear on the market. Under these conditions, it is apparent that the potential hazard to wildlife species is increasing rapidly. Despite extensive studies carried on by the U. S. It was the purpose of the present study to determine the relative impact of insecticide intake on four phases of pheasant reproduction--egg production, fertility, hatchability, and survival of young. Three chlorinated hydrocarbon insecticides commonly used in California--DDT, toxaphene, and dieldrin--were selected for study. Ringnecked Pheasants (Phasianus colchicus) raised on the State Game Farm at ¾ountville, California, were used as experimental animals.
storage of the food within each pen made it possible to determine the amount of food consumed by each group and to equate this into the mean rate of consumption (Table 2) . Stores of contaminated food were renewed midway through the test period. The amount fed daily was commensurate with the amount consumed. Uncontaminated scratch grain, in measured amounts, was substituted when rainy weather threatened pellet disintegration; hence the insecticide concentration of the "total diet" ( Table 2 ) differs from that of the mash. Oyster shell was fed to all groups to aid in shell formation.
For convenience, the insecticide concentration of the mash has been used to denote the pheasant groups in the figures (Figures 1-4) . Egg-laying began two weeks after the inception of the tests and continued through the remainder of the period. The eggs were gathered twice daily, dated, identified as to group, and stored in a cool room until set. Storage of the eggs was from one to seven days with one exception: eggs laid during the first week were stored up to 14 days. Eggs with soft, chalky, or cracked shells were checked for fertility (Twining et Artificial incubation of the first group of eggs began in the last week of April, 1954. The eggs from the controls and from each test group of females were separated within the incubator. Routine handling of eggs thereafter was in accordance with accepted gamefarm practice. Candling of all eggs on the eighteenth day resulted in the elimination of those in which development was arrested. These eggs were opened later to determine fertility and the extent of development. All eggs possessing developing embryos were transferred from incubator to hatching compartments on the day before hatching.
Soon after hatching the chicks were toe-clipped for later identification, sexed by the pattern of the facial down (Latham, 1951) , and transferred to a battery brooder. Feeding and care of the birds for the ensuing two weeks was identical to that normally accorded other pheasant young. Most of the young were destroyed at two weeks of age. However, all young from eggs last-incubated were maintained for two months.
EXPERIMENTAL I•ESULTS
Egg Productio,.--The mean rate of egg-laying was calculated for each group, since it was not feasible to determine the egg production of individual females. The "laying period" for each group was considered to begin with the appearance of the first egg and ended on May 13. The number of "hen-days" for each group is the product of the "laying period," in days, and the number of females present. Weekly rates of egg production ( The overall rate of egg production for each group (Table 1) Egg Fertility and Hatchability.--Fertility and hatchability varied with each chemical and concentration (Table 1) . Moreover, the degree of effect was not related consistently to the level of chemical intake (Table 2) . Only the effects of 50 p.p.m. of dieldrin on fertility and of 300 p.p.m. of toxaphene on hatchability are of statistical significance. Egg fertility might be lowered by physiological disturbance of the male, the female, or both. The male's role in lowering egg fertility, however, was suggested by the behavior and death of males consuming 50 p.p.m. of dieldrin.
The variability of the insecticide concentration in the eggs from each group (Table 3) suggests that the presence of the chemical within Survival of younoe.--Survival curves for the young pheasants, from hatching to the thirteenth day, are presented in Figure 3 . The total mortality of each test group is significantly greater than that of the controls for that period. Young birds from all test groups maintained until two months of age did not suffer undue mortality beyond the second week. The first two weeks following hatching, therefore, are apparently the most critical phase of pheasant reproduction with respect to insecticide contamination. Reproductive Success.--The survival curves in Figure 4 were constructed to show the net effect on pheasant reproduction of each chemical concentration. The number of eggs produced by ten females in 30 days at the mean laying rate of each group (Table 1) is the basis for the hypothetical starting point. A decline in the laying rate of females, under field conditions, almost certainly would not reduce clutch size; rather it would delay completion of the clutch. (Figure 4) does not include the marked differences in egg production--young pheasants from 70 per cent of the control eggs were alive at the end of the test period.
For this reason, relative reproductive success
As might be expected, the higher concentration of each chemical depressed reproductive success to the greater degree. DDT and toxaphene at comparable levels had similar effects. Dieldrin at considerably lower concentrations had slightly greater effects. previous year (C. M. Hart, 1954, pets. comm.) .
Despite these reports the possibility remains that more susceptible species of restricted distribution might be seriously threatened by continued exposure to sublethal quantities of these chemicals. Single applications of insecticide frequently are of sufficient magnitude to deposit chemical residues (Laakso and Johnson, 1949; Barnett, 1950) equivalent to or in excess of the highest levels used in the tests. Although these residues decline in toxicity with weathering, several applications may be made in a single season. Wild birds would not be exposed to a constant level of contamination in their diets, as the pheasants were in the experiments, but rather to a series of sudden increases and gradual declines in the toxic content of their food supply. At first glance, this would seem to decrease the hazard; however, there is evidence that intermittent feeding of birds on contaminated diets may result in more severe effects than continuous feeding, at the same level (J. B. DeWitt, 1954, pets. comm.); moreover, wild birds at the time the chemical is applied might be contaminated by three routes of chemical entry: oral, by the ingestion of contaminated food; dermal, by absorption through the skin; and respiratory, by absorption through the lining of the lungs and air sacs. The penned birds were subjected to contamination by only one route--the oral. Although this portal is generally considered the most important in toxicological investigations, insufficient attention has been given to effects derived from multiple routes of entry such as might be expected under field conditions. Field studies to date have been concerned chiefly with acute mortality and immediate population declines. Population reduction in chemically-treated areas may result from direct mortality, movement from the area necessitated by a reduced food supply, and by impairment of reproduction. In most instances it is difficult to assess the relative importance of each factor in effecting a population decline. Although no one can state with finality that reproductive effects exist, on the basis of our experimental work we can state that chemicals at levels commonly used in agricultural practice can seriously affect reproductive behavior. Evidence of the relative importance of reproductive effects in reducing wild bird populations is lacking. However, insecticide levels similar to or in excess of those used in this study are of common occurrence in agricultural areas. Furthermore, wild birds are exposed to a greater contamination hazard, by aerial spraying, than the test birds.
